Structural asymmetry in the CTP-liganded form of aspartate carbamoyltransferase from Escherichia coli.
The protein and solvent structure of the CTP-liganded form of aspartate carbamoyltransferase from Escherichia coli yields an R-factor of 0.155 for data to a resolution of 2.6 A. The model has 7353 protein atoms, 945 sites for solvent, and two molecules of CTP. A total of 25 of the 912 residues of the model exist in more than one conformation. The root-mean-square deviation of bond lengths and angles from their ideal values is 0.013 A and 2.1 degrees, respectively. The model reported here reflects a correction in the trace of the regulatory chain. One molecule of CTP binds to each of the two regulatory chains of the asymmetric unit of the crystal. The interactions between the pyrimidine of each CTP molecule and the protein are similar. The 4-amino group of CTP binds to the carbonyl groups of residues 89 (tyrosine) and 12 (isoleucine) of the regulatory chain. The nitrogen of position 3 of the pyrimidine binds to the amide group of residue 12; the 2-keto group binds to lysine 60. The 2'-OH group of the ribose forms hydrogen bonds with lysine 60 and the carbonyl group of residue 9 (valine). The binding of the phosphate groups of CTP to the regulatory chain probably reflects an incomplete association of CTP with the enzyme at pH 5.8. A lattice contact influences the interaction between the triphosphate group of one CTP molecule and the protein. For the other CTP molecule, only lysine 94 binds to the phosphate groups of CTP. Of the two regulatory and two catalytic chains of the asymmetric unit of the crystal, there are only two significant violations of non-crystallographic symmetry. The active site in the vicinity of arginine 54 of one catalytic chain is larger than the active site of its non-crystallographic mate. The "expanded" cavity accommodates four solvent molecules in the vicinity of arginine 54 as opposed to two molecules of water for the "contracted" cavity. Furthermore, arginine 54 in the "expanded" pocket adopts two conformations, either hydrogen-bonding to glutamate 86 or to the phenolic oxygen atom of tyrosine 98; residues 86 and 98 are in a catalytic chain related by 3-fold symmetry to the catalytic chain of arginine 54. In the "contracted" pocket, arginine 54 binds only to glutamate 86.(ABSTRACT TRUNCATED AT 400 WORDS)